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THE ITALSAT PAYLOAD

A. Sbardellati - Alenia Spazio S.p.A
F. Carducci - Alenia Spazio S.p.A

ABSTRACT

The second flight unit oft, he ITALSAT telecommunication satellite wiII be placed in geostationary, orbit

in early 1996, making operative the ITALSAT telecommunication system after the experimental and
preoperational phase performed by 1TALSAT FI, which was.launched in January. 1991 by the Italian
Space Agency.

A general view of the ITALSAT payload is presentedwith emphasis on the design,the

telecommunicationmission,thenew technologiesand theprotocolswiththegroundsegment.

THE ITALSAT.MISSION

The ITALSAT FI satelliteisplacedat13.2°eastingeostationaryorbit;thecommunicationmissionis

accomplishedby threepackages:themultibeamnationalcoverage,theglobalnationalcoverageand the

extrahighfrequency(EHF) propagationexperiments.

The mission,which includesthemost innovativecharacteristics,iscarriedout by themultibeampay-

load.Sixbeams arelinkedforthecoverageofthewhole nationalterritory..Thisisachievedthrougha

switchingmatrixinbasebandon boardthesatellite.The accesstothegroundstationsisof thetime

divisionmultipleaccesstypeand thetransmissionrateis147 Mb/s.

The GlobalNationalCoveragepayloadcapableofa coverageoftheentireItalianterritory,witha single
beam and threetransparentchannelsislocatedbesidethemultibeam.

The two payloads(multibeamand global)togethermake up theITALSAT telecommunicationsystem

whose blockdiagrams,frequencyplanandcoveragesareshown inFigg.i,2,3 respectively.

The two payloadsdifferone fromtheotherintheirtechnical-operational,systemwiseand performance

features.The "multibeam'payload,togetherwiththeground-basedunits,ispan ofa satellitenumeric

network integratedwiththeground-basednetwork;the interfacewiththe groundnetwork isatthe

switchingcentreslevel.The 'global'payloadcan performvariousdifferenttasks:from thesingleend-

to-endlinkswithsmallground stationssitedclosetotheuser,tothe implementationofclosed-loop

networkshavingad hoc characteristicsand performances,tothetransmissionofdataand analogvideo

signalsaswvllastelephonelinksup to24.SMb/s.

iTALSAT FI includesalso40 and 50 GHz beacons,radiatedby two dedicatedantennas,thatallow

propagationexperimentsinthemillimetricwavelengthsforEurope. The SO GHz beaconisradiated

withoutany modulationin line.a:"polarization.The polarizationplane can be set,by means of

telecommand,infixedverticalmode,fixedhorizontalmode orswitchingbetweenverticaland horizontal

mode. Absoluteattenuationcan be measuredaswellaspolarizationpurity,and attenuationpa.mmeters

asfunctionsofthepolarization.

The ITALSAT F2 telecommunicationmissionforeseesamultibeampayloadand aglobalbeam payload

(asintheprecursorITALSAT FI) plustheEuropeanmobilesystem(EMS) payload(whichsubstitutes

for the experimentalpropagationpayload of ITALSAT Fl). The EMS payload willprovide

communications between mobile users (in L band) and fixed carth-s_tions (in Ka band) within Europe,
managing telephony and data traffic with three 4 MHz transponders.
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THE TELECOMMUNICATION SYSTEM

Multibeam coverage payload

The mission. The ITALSAT multibeam mission was conceived to establish point-to-point and point-to-
multipoint connections via satellite between stations deployed on Italian territory, providing maximum
flexibility and reconfiguration of connections and of their assigned capacity.
To this end, the surface of the Italian territory has been.divided into six service areas, each served by a

spot beam having high directivity. The six areas covered have been formed into groups of three by
using two TX/RX independent antennas which point towards the desired direction with a tracking
system which can ensure an overall error less than 0.03*. The communications system adopts vertical

polarization carriers in both the 30 GHz (ground-to,board) and 20 GI-Lzband (board-to-ground).
Each coverage is associated with a transmitting channel with a bandwidth equal to 110 MHz which can
carry the QPSK modulated signal at 147 Mb/s.

The peculiarity of the multibeam payload is to work regeneratively on packet signals received from the

various stations operating in TDMA, to switch them, and to then organize them into a continuous binary
flow which, when modulated in QPSK and amplified, can be sent to ground in one or more spots as
required by the ground-programmed traffic plan. This operating mode is defined as the SS-TDMA

system (satellite sv,-itching time division multiple access) and the ITALSAT multibeam payload is its
first application in orbit.

To better understand how the ITALSAT network operates, we must bear in mind that the analog audio.
channels are processed by the ground station so as to obtain a s.vnchronous binary stream (e.g. at 32
kb/s). Such streams, in accordance with the capacity needs of the stations, are .sent at the ITALSAT

satellite network speed of 147 Mb/s. In accordance with the traditional TDMA access, the resulting
speed compression is such that each station occupies the satellite channel for short and well defined time

periods, so as to allow cyclic access of all stations of the network according to a periodic organization
known as a frame, which is described later on in this paper. From the above, it is clear that the resulting

capacity is given by the ratio between the satellite network speed and that of a single service, e.g. with a
32 kb/s coding of an audio signal, the spot capacity of the ITALSAT system is 2000 circuits/spot, or
12,000 total circuits. The regenerative channel was dimensioned so as to have on board a G/T equal to
about I0.0 dB/K and bit error rate better than 10-6 with an Eb/No ratio of 13.3 dB. Channel e.i.r.p.,
_-itt_ the beam, is equal to about 54.0 dBW."

The multibeam mission success was designed to be better than 87 per cent and the mass. and power
envelope of the payload are 110 kg and 580 W, respectively.

The frame and type of services. The advantage offered by the SS-TDMA system is that of satellite

system capacity and connectivity reconfiguration in times which are practically neglect,able. For

TDMA operation, however, the stations must be svnchrom'zed with the time reference used on board by
the payload baseband switching section.

Effective management of access implies that the times and duration of transmissions assigned to single

stations by the master station are organized cyclically within a periodic structure lasting 32 ms, called a.
frame and shown in Figure 4. The ITALSAT frame has been organized into 3000 minimum contiguous
switching units (SU) each lasting 10.5 _.

Station synchronization with the satellite reference is obtained by monitoring the RB packet (reference
burst), which the on-board switching matrix sends every 32 ms to all spots, allocating the first 3 SUs of

the down-link. The time of receipt of the RB is used by all stations as the time origin for the calculation

of the time of transmission of each packet. The ITALSAT frame can be divided into.four regions:

(a) Service area. This is a fixed area used as a signaling and command channel between the master

station and the on-board switching matrix. The commands are sent from the ground (master station)
on the CH packet which occupies SU n* 4, 5 and 6 of the uplink frame. The command channel has

an information stream equal to 64 kb/s gross through which it is possible to reconfigure on-board
traffic and connections in a few minutes. The on-board switching matrix reacts to the commands .
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deliveredand repliesaccordingtotheexchangeprotocolon theFMC packet,allocatedtothenext-
to-lastSU ofthedown-linkframe.

Co) l_ermutaaon area. This area can be dimensioned by the master station by setting frontier F 1. Here
the permutation traffic is set, assigned in an almost stable mode to the stations of the network.

Within ttm permutation area it .is possible to access only with 32 laS. packets occup.ving three
consecutive SUs, and therefore providing a 128 kb/s stream per packet.

(c) Video¢onferenee area. This region too can be modified by selecting appropriate values for frontiers

FI and F2 shown in Figure. 1I. Access to this region is through blocks of sixteen 32 _ packets, so

as to occupy, therefore, 48 consecutive SUs. The stream which results is equal to 2 Mb/s per block,
which supports the videoconference service.

(d) Switching area. This region, sortable by changing frontier F2, supports access with 10.5 _ (1 SU)
packets, which therefore provide a capacity of 32 kb/s per packet.

If requirect, the entire frame may eventually be organized to carry a TV channel at about 1471Vlb/s_ re-
broadcast on one, more than one or on all six regions of the multibeam coverage.

The burst format. The burst, shown in Figure 5, has a preamble with a fixed content, equal for all Wpes

of burst and a useful data field which can host 512 symbols (1024 bits) in 10.4 _ single channels
bursts or 2048 symbols (4096 bits) in the case of 32 _ four-charmel bursts. The useful data area is
coded (scrambled) by the traffic stations so as to ensure the correct number of transitions of the four

states of the QPSK carrier under any circumstance. The efficiency obtainable with the single channel
packet is equal to 66 per cent; efficiency reaches 87 per cent with the four channel packet and reaches
about 100 per cent for.TV service at 147 Mb/s. It car. be readily understood from the above that

maximum efficiency of the system is achieved by allocating maximum capacity.in the permutation area

on the basis of the average traffic requirement of each station. The low efficiency switching area must,
on the contrary, be used jointly with all stations to manage the peak traffic situations and must be
assigned on request and released as soon as the peak traffic situation has ended.

The starting part of the burst provides the data required for the carrier and clock recovery circuits of the
on-board coherent demodulator, so as to obtain correct absolute frequency and clock and carrier phase
with which the data was modulated on the ground.

The acquisition process must be completed before the last preamble field arrives: the unique word (UW)

which has the task to let the on-board and ground baseband stages correctly decode the data organized
in positional form. The 40 service symbols between the UW and the data field can be used as service
channels between the various stations of the network.

The network. The Italsat telecommunication network operates with the multibeam payload of the
satellite, which makes available a 147 Mbps transmitting capacity for each of the six areas covered. The

main scope of the network is to provide the capacity for additional connections to the ground telephone
network, integrating with the National Telephone Network and with the other types of circuit switching.
networks (data network).. The Italsat network can offer resources useful for two types of services:

• Permutated Traffic with a point-to-point connections between two stations, where each circuit has

an origin and destination defined in the present time scale and is unchanged till there is a timeplan
variation.

, On Demand Assigned Traffic so that the resources available to achieve communications are defined

in the traffic plane, but circuits are assigned dynamically on a case by case basis, depending on the
call requests.

The telecommunications nm-,vork consists of a set of ground stations through which it is possible to

obtain a full mesh connection among a number of. sites using the on-board controller switching
capability. The ground stations have access to the satellite according to a TDM/TDMA protocol, using.
a frame lasting 32 ms., divided into 3072 Switching Units (S.U.) which in turn are grouped into bursts

according to their use: those made up of 2 .S.U. dedicated to permutated traffic and those of a single
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S.U., used for the Demand Assignment Multiple Access (DAMA). All stations configured in the
network can give way to traffic and they are indicated as Traffic Stations: one of such stations at Fucino

acts as a control station for the network traffic (and is hence called the Master Control Station) and
supplies the data necessary for the switching matrix on board the satellite, so that it is regulated in the

• most appropriate manner for administering its ow_ Switching resources. This station, which is also
linked directly to the telephone network, is connected tO two computers: one is dedicated to
administering the satellite network and the other.the trat_c.

The Fucino control center also controls the 'beacon' stations at Cagliari and Courmayeur near Aosta.

They have the task of supplying the satellite with two signals on differing frequencies (28 and 29 GHz)
which serve as a reference to maintain the antennas' radiation bands aimed at the cemer of the determ-

ined geographical area. The two beacon stations also transmit a third signal based on a cesium sample.
The system which generates it is also flanked by a very reliable quartz oscillator, which allows
synchronization of the times of the network activi .ty with those of the innovative switchboard installed

on board the satellite, the baseband matrix which switches up to 12,000 telephone calls simultaneously.
When working according to a timeswitching technique, this deals with the incoming signals from the
ground stations which have already been organized according to a precise cadence of 32 thousandths of
a second.

Design and performance. The SS-TDMA multibeam payload relays the traffic between the six zones,

in Italy, covered by spot beams having 0.4 ° of aperture. The spot beams are generated by two single
offset antennas having reflector dishes of 2 m diameter providing vet?,, high gain (about 50 dBi). The
high data rate (147 Mb/s) implies an e.i.r.p, of about 57 dBW and a G/T of about 17 dB°K, obtained

with a 20 W TWTA and 4 dB noise figure receiver. The satellite body attitude control is not adequate

to maintain the antenna pointing accuracy necessary because of the high gain slope at the edge of cover-
age; the antenna pointing system is then required. The linearly polarized narrow beams are pointed by
means of two lobe switching antenna pointing systems locked on two ground beacon signals.
The repeater input section includes .wideband 30 GHz low loss multiplexers, and low noise 30 GHz

parametric amplifiers. The signal is then down-convened to 12 GHz and fed to the burst mode QPSK
demodulators. The baseband signal is routed by the high speed 6x 6 S l_e switch matrix and fed to the

20 GHz QPSK modulator bank. These two are direct modulators based on the reflection of signals by
transmission lines end loaded by PIN diodes. The 20 GHz modulated signal is amplified by 20 W'/20
GHz TWTAs. The microwave filters at 12 GHz and 20 GHz are realized in thin wall invar and silver

plated to achieve high thermal conductivity and good dimensional stability,.

The multibeam regenerative payload can be made a transparent.one by' using a transponder (mounted to
perform the in-orbit test) which b._asses the baseband section.

Table I shows the comparison among specified G/T and e.i.r.p, values, the on-ground measurement

results and the in-orbit performances. In addition the bit error rate performance in both up and down-
links is shown: the BER performance includes the contribution of the ground modem. The in-orbit per-
formance shows margin versus the specifications.

Natvonal coverage payload and telemetry beacon

The rnission. The global national coverage payload has access to all points of the national territory,
performing point-to-point and multipoint services with possible on-request assignment. Emergency
connections with disaster hit areas and "IV signal broadcast are also made possible. To this end the

payload includes thr_ transparent repeaters with a 36 MI-Iz useful bandwidth. Each repeater is
compatible with the following types of access and modulation:

(a) QPSK modulated digital signals with TDMA access to the satellite at a 24.576 Mb/s transmission
speed;

(b) analog signals such as standard TV signals, frequ_cy modulated (FM-TV) with a 27 MI-Iz
bandwidth;
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(c)signalswithmulti-carrierdigitalmodulation(SCPC/FDMA).

Inthislastcase,thepayloadcan varytheTWTA workingpointby desiredback-offvaluesby means of.

commands from theground,allowinglinearoperationof theTWTA to cutback theintermodulation

products.

CoverageoftheItalianpeninsulaand islandsisobtainedby means ofa singletransmiv'rcceiveantenna

witha beamwidthof 1.06° x 1.55°.Verticalpolarizationisusedfortheup-linkand down-link.The

payloadadoptstheradio-frequencyband inup-and down-linkassignedexclusivelytofixedservicesvia

sazellit_by theinternationalregulationstoavoidpossibleinterferencewithgroundradiolinks,at29.5-

30 GHz up and 19.7-20.2GI=Izdown. Under eclipse,one receive/transmitchainaloneis.activatedto.

optimizepower consumptionofallpayloadsasa functionofbattery,capaci.w.

At thepackageoutputisconnectedthe20 GHz beaconwhichtransmitstelemetry,signalstowardsearth

when thesatelliteissetinitsgcostationary,orbit.

The 20 GHz beaconisalsousedas a trackingsignalforthe communicationground stations..The

beaconisfullyoperativeeveninan eclipsesituation.

Designand performance.The packageisdividedintoa low noisereceiver,a channelingintermediate

frequencysection,highpower amplificationand aTX/RX antenna.

Nationalcoverageisassuredby a singleTX/RX antennaofsubrcflector.wpewhichprovidesan ellip-

ticalbeam with an apertureof 1.0C X 1.55'with verticalpolarization.The repeaterinputsection

includesa medium band front-endwithlow noiseparametricamplifier,singlebalancedpassivemixer

fordown conversionatl2GI--Izand FET amplifier.The channelingsectionseparatesthethree36 MHz

channelswitha demultiplexer,ampli_"and up-convertto20 GHz, where thesignalsdrivetheTWTAs

intosaturationorbacked--ofinthelinearmode. The wideband intermediatefrequencyamplifiershave

two operatingmodes:

(a)limitingmode"todrivetheTWTA insaturationby means ofan automaticlevelcontrolcircuit

(b)fixedgain:todrivetheTW'TA withthedesiredback-offby means of a gaincommandable from

groundinlinearconditions.

The up-conversionat20 GHz isperformedby a resistivemixerfollowedbv a ban@ass filter.The 20

GHz power amplifiersuseTWTs oft.hchelixand threestagescollectortype,_ith20 W insaturation.

The telemetry,beaconconsistsera 18,685MHz carrierisphasemodulatedby a subcarrier(65kHz) in

turnPSK/SPL modulatedby thedigitaltelemetrysignalatatransmissionspeedequalto I024b/s.

The threeglobalpackagechannels,togetherwiththetelcmet_'signalcoming fromthe20 Ghz beacon,

arecombinedintheoutputmultiplexerbeforebeingradiatedtotheground.

TableIIshowesa comparisonamong thespecifiedvalues,theon-groundmeasurementsand.the.in.orbit

performanceswhichhavemarginsversusthespecifications:

ITALSA T F1 European propagatTgn experiments

Connectionsvia satellitein the millimetricwavelengthsrequirein-depthknowledge"of propagation

characteristicsatsuchfrequencies.The 40/50GHz transmiaerscarriedon boardtheITALSAT satellite

form a realisticmodel of a radiolinkoperatingatsuch frequenciesforexperimentationand testsover

theentir_ European territory.

40 GHzpropagat#on beacon.The 40 GHz propagationbeaconisadoptedforpropagationexperiments

intheEuropeancoverage,supportingalsoattenuationm_asurements,attenuationand differentialphase

and polarizationpurity.The 40 GI-.Izcarrier,radiatedtogroundinright-handcircularpolarization,is

phasemodulatedby a 505 Mhz coherentsinusoidsubcarrier,inordertocomparetheamplitudeand the

phase of thethreesignalstransmitted(carrierand the firstsidefrequencies)ina l GHz band.The

radiated_otalEIRP is28 dBW andthepowerconsumptionis40 W..
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50 GHz propagation beacon. The 50 GHz propagation beacon is radiated in the european coverage

without any modulation and with a linear polarization. The beacon is polarization-modulated by a
switch which rotates file polarization plane by 90., resulting in a transmission with alternate H/V

polarization at a switching rate of 933 Hz. To increase flexibility during experiments, there is a
possibility to .freeze the beacon on one of the H or V polarizations by means of telecommands from
ground. This way we can perform absolute attenuation and polarization purity measurements. The
radiated EIRP is 27 dBW with a power consumption of 25 W.

ITALSAT NEW TECHNOLOGIES

The on-boardregenerationand thebasebandswitchingadoptedforthemultibeampayloadwas thefirst

implementationforspacecommunicationprograms.The SS-TDMA access,adoptedforthe system,

withvariablebursttechnique,had tobe interfacedwiththepublicswitchingtelephonenetworkusing

dedicatedsoftwareatthetern_nalgroundstation.The signalbitrateof 147 Mb/s requiredcomponents

withhighdegreeofintegrationwhichwerenotavailableand qualifiedforspaceapplication.

The highgainKa band antenna:_requiredanantennapointingsystemhaving0.03°ofaccuracytoavoid

unacceptablee.i.r.p,and G/T degradation.Thus, a carefuldesignand developmentprogram,forthe

communicationpayloadandthegrounds_tionsx_"asatthehighestpriority.

On-boardprocessmgequipments

The on-boardregenerationand switchingrepresentsthe'innovativefeatureoftheITALSAT multibearn

payload. In factit_ thefirstin-orbitimplementationof a regenerativepayloadwithhighspeed

baseband switching.The entireITALSAT multibeamsystemis,for a good partof itsswitching

resources,aTST networknodewhere3:(timing)stagesaredistributedamong thegroundstations,theS

(space)stageison-board,and managementisentrustedtothegroundtelecommunicationcontrolcenter.

The on-boardprocessingequipmentsarethe demodulators,thebaseband switchingmatrixand the
remodulators.

The demodulatorisofburstmode t3_eand itskey featuresarethefastacquisition(carrierand clock

recoverywi,.hin112 symbols)tomaintainthesystemsynchronization,thehighinputdynamicrange(30

riB)due torainattenuation,and antennagainvariationfrompeaktoend ofcoverage.

The demodulatorinputsignalat12 GHz isdown-convertedat700 MHz and thenfilteredamplifiedand

levelstabilizedattheoutput.The carrierisrecoveredfrom IF signalthroughmultiplicationby 4,

narrow filtering,a limiterand divisionby 4, and insertedlaterinthe demodulationsection.The

demodulatedsignalisthenregeneratedand read)'foron-boardswitching.The carrierphaseisstabilized

b.x'a feedbackloopwhichactson theVCO frequency:The lock-inrangeofthederrtodulatorisaboutZ
MHz.

"lhr,implementationof the demodulatormakes extensiveuse of micros'tripsand ischaracterizedby

microwave (2.8GHz) carrierrecoverycircuitry,DRO filters,ASICs forbasebandsignalprocessing

and feedbackphaseloop.
The ,basebandsw#tchmatrix(BBS) allowstheconnection,inany combination,ofthetrafficterminals

locatedinany ofthesixcoverageareas.The basebandswitchmatrixhandlesthecommutationofnine

streamsof 147 Mb/s,sixofwhichincurrentdutyandthreeincoldstandby.

The BBS isconstitutedby _'o essentialsections:switchingmatrixand controller.The matrixcontains

high-spc_-,dcircuitstomanage,inrealtime,thesignalsinbaseband,thecontrollerisinchargeofthe

switchingmatrixmanagement by means ofavailablesignalingchannels,aswellasfunctionalcontrolof

theunit.',.thecontrollerrece_ instructionsforitsoperationfromthe"r'r&cstationand/orfrom the

mastercontrolstation.Allthetu ngfunctionsarederivedfromahighlystableexternalclockgenerated

fromanon-boardmasterclock."1heswitchingbasicfunctionisperformedby sixmultiplexers:eachone

can rout_ the bursts coming from the demodulators and the service bursts generated within the BBS.

Each multiple,_er is provided with a bit synchronizer circuit to res3mchronize the bursts with the on-
board clock to recover the instantaneous frequency differences (due to the Doppler effect and the differ-

ent stability of. the ground terminal equipment) between the up-link data stream clock and the onboard
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clock.The BBS isimplementedusing7 ASIC ECL gatearrays.Theseareoftwo types(MUX, timi_ag)

having2500 and 3500 gates,respectively.

The 20 GHz QPSK remodulatorisfedby two datastreams(I,Q) at73 Mb/s actingon two cascades

biphasemodulatorstoobtainthe147 Mb/s QPSK signal.The inputlogicselectsdatastreams(I,Q,

CK) comingfrom thetwo switchingmatrixes:ECL 10k logicisused. Thislogicgeneratesa suitable

signalm phaseshiRers(0_180.°)and (0-90°)which aremanufacturedm a waveguideWR 42 section,

usingPIN diodesas commutationdevic¢_s.The,modulatorcan handlecarrierpower levelsup to 500

mW and operat_directlyatthemic)'owavetransmissionfrequency.The referencecarrierat20 GHz is

generated(insidetheunit)by an oscillatorstabilizedwithadielectricresonator.

The technologyaccomplishmentsoft,heregenerationsectionaresummarizedinTableIll.

Dlultibeamantenr_pofnt_ng

The two SS-TDMA payloadmultibeamantennasarcvery.narrowbeam antennas,sothatthepointing

accuracyachievableby thesatellitebody controlisnot su_cier,ttomeet therequirements.For this

reasonthe two antennasare controlledby a lobeswitchingclosedloopantennapointingsystem

(workingatKa band).The two beacongroundstationsarelocatedinthecitiesof Cagliad(Sardinia)

and Aosm (NorthernItaly)and arcassociatedwiththeEastandWest spo¢beam antennas,respectively.

The on-boardequipmentsincludesthe RF sensor,theantennarotationmechanism,the motor drive

electronics,thecontrolunitand thetrackingreceivers.Many operatingmodes ensurethepropercontrol

and operationofthesubsystem.The autotrackingsequenceautomaticallysetsthesubsysteminbeacon

trackingmode throughinitialrepointingand angularacquisition.The in-orbittesthas demonstratedthe

fullachievementofthedesignobjectives.The resultingpointingerrorssummary."issho_T_inTableIV.

Besides,themaster/slaveback-upmode has been actuated,simulatingtheoutageof one beacon:the

affectedantennahas beencorrectlydrivenby thecontroloftheotherantennaand negligiblevariations

havebeenfoundon thee.i.r.p,oftheslavebeams.
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